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INTRODUCTION 
Certain groups of lake basins found on continental lowlands bordering 
the Arctic Ocean are elongated in a uniform direction. Investigation has 
shown that some were produced by scour of continental glaciers. Others 
occur in the frozen ground of non-glaciated areas, and the cause of orien­
tation of this type is not easily detected. Perhaps best known among the 
latter are those on the Alaskan Arctic C-oastal Plain. Of the thousands of 
lake basins in this area, many are either wholly or partially drained and 
re-vegetated, indicating that formation has been operative for a consider­
able time. Nearly all basins8 whether drained or filled, possess a simi­
lar sub-elliptical to sub-rectangular morphology, with the long axes 
directed 10-15 degrees west of true north. Orientation is attributed to 
a preferred pattern of basin morphology produced by wind-controlled thaw 
and erosion in a sequence of stages. Although most investigation has been 
confined to the Point Barrow area, and the principles developed apply 
mainly to lake basins there, preliminary work elsewhere indicates that the 
processes described have a general, if not identical, influence over the 
entire Arctic Coastal Plain. 
The characteristics and environment of the Arctic Coastal Plain 
exert a pronounced control on its surface morphology. Therefore a brief 
introductory description of the area is necessary. The Coastal Plain is 
an emergent portion of the continental shelf. It is a gently undulating 
tundra area of low elevation and gradual seaward slope lying between the 
northern foothills of the Brooks Range and the Arctic Ocean. At its 
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maximum width south of Point Barrow, it is approximately 90 miles wide in 
a north-south direction. length is about $00 miles. The total area ex­
ceeds 25»000 square miles. The tundra climate is severe, with long, cold 
winters, and short, cool, summers. Mean annual temperature at Point 
Barrow is about 10 degrees Fahrenheit, with a winter minimum of about -60 
and a summer maximum of about 70. Annual precipitation is less than 10 
inches. The summer months from June through August are frequented by low 
clouds and ground fog, winds in the 10-30 mph range, and temperatures 
hovering between 35 and 45 degrees. In areas near the coast, snow re­
mains on the ground until late June, and ice on larger lakes until the 
middle or latter part of July. Freeze-up usually occurs in September or 
the first part of October. During the summer, air circulation over the 
area is dominated by the Polar Anticyclone, which results in a bimodal 
prevalence of winds, with approximate prevailing directions EKE and 
Table 1 shows daily winds and air temperatures for July, 1959» at Barrow 
Village. Because of the rigorous climate, vegetation consists of various 
marsh grasses, mosses, and dwarf willows—all characteristic of cold 
northern tundras. 
The Coastal Plain is underlain by predominately marine silts, sands, 
and gravels of the Pleistocene Gubik Formation (Payne, 1951)• Near 
Point Barrow the Gubik overlies, in a mantle seldom exceeding 100 feet 
in thickness, gently folded. Mesozoic and late Paleozoic strata which 
are more intensely folded and thicker to the south, and thin northward 
over the continental shelf. That Pleistocene marine transgressions 
account for the mass of Gubik sediments is evidenced by the presence of 
3 
Table 1» Daily wind velocities and air temperatures for Barrow Village » 
July, 1959* 
Bate 
Air temp. 
°F. 
Prevailing 
direction 
Average 
speed (iBph) 
Fastest mile 
Speed Direction 
1 ^+6 SW 14.9 23 W 
2 35 SfeT 16.5 27 SW 
3 34 W5W 17.3 29 W 
4 33 WSW 16.0 21 H 
5 36 W5W 13.7 23 W 
6 34 VJ5W 12.5 23 W 
7 44 SSE 12.1 23 sw 
8 42 SSE 9.0 18 SE 
9 42 vsw 23.3 56 sw 
10 37 sws 19.9 32 sw 
11 32 wsw 20.2 26 w 
12 34 VBW 12.9 19 w 
13 37 NE 7.9 15 NW 
14 35 E 13.7 22 E 
15 36 NE' 11.6 15 NE 
16 38 NE 17.6 24 NE 
17 37 NE 18.7 25 NE 
18 41 E 7.2 14 NE 
19 41 ENE 12.1 17 NE 
20 36 E 16.4 19 E 
21 38 E 17.2 23 E 
22 44 " vsw 11.0 18 W 
23 34 w 10.5 20 ¥ 
24 36 ENE 12.9 20 NE 
25 39 SE 12.3 17 E 
26 35 W 25.5 35 W 
27 32 WNW 21.5 33 W 
28 33 m-î 11.3 19 N 
29 32 NNE 8.6 12 . N 
30 31 ENE 13«1 IB NE 
31 34 NE 14.2 20 NE 
aData "by courtesy of the United States Weather Bureau* 
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Pleistocene marine invertebrates. However, the Gubik has been exten­
sively reworked by development of thaw-lake basins, lateral migration of 
streams, and ty minor oscillations of the sea. These processes have pro­
duced a surficial sedimentary veneer that is extensively lacustrine and 
eolian over the broad interfluves, fluvial, and locally eolian, along the 
valleys of major streams, and lagoonal near the coast. Drowned estuaries 
and breached lake basins now lagoons, as well as inundations of Eskimo 
sites within historical time indicate a recent advance of the sea. 
Broad, gentle, undulations characteristic of most continental 
shelves constitute the major relief here. Minor relief developed upon 
this is typical of tundra regions where the ground is permanently frozen 
below a depth averaging one or two feet. It consists of polygonalJy 
patterned ground and lake basins. The polygonal pattern is produced 
through accumulation of ice in large contraction cracks (see Black, 1954; 
Britton, 1957» and Lachenbruch, I960, for detailed descriptions of poly­
gonal ground in this area). Ice-wedges so formed average about 10-12 
feet in vertical dimension, and taper downward to a point from a surface 
width of 3-6 feet. Diameters of the polygonal areas they enclose range 
from 10-100 feet, Thaw of ice-wedges and intra=polygonal ice in the 
upper 20-40 fest of the ground produces lake basins. 
Since lake basins are generally restricted to the Coastal Plain, 
this area can also be designated The Northern Alaska Lake District 
(Figure l). And on the basis of distribution of two different types of 
basins present, it can further be divided into a Western and an Eastern 
Section. Approximate boundaries of the Western Section are the Arctic 
Figure 1. Base map of northern Alaska showing coincidence of the Arctic Coastal Plain 
and Northern Alaska Lake District 
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Ocean on the north, Arctic Foothills Province on the south, 163rd 
meridian on the west, and the 152° 30' meridian to the east (Figure 1)6 
Lake basins in this area are sub-elliptical to sub-rectangular, with a 
tendency for large ones near the coast, especially from Point Barrow 
west, to taper towards the north. Although there are numerous small 
basins, a high percentage of them are at least one mile in length, and a 
few are as much as 8 or 9 miles long. Near Point Barrow, average depth 
of the larger basins is between three and six feet, and none measured to 
date is over 10 feet deep. A deeper central area extending nearly to the 
north and south ends, but confined on the east and west sides to some 
distance from shore by wide sub-littoral shelves, is the dominant 
morphology of all basins, regardless of age or size. Figure 2 shows 
lakes and drained lake basins in the Barrow area. Numbers have been 
assigned those with well-established names as «0II as those tentatively 
named. Names corresponding to the numbers are given in Table 2. 
The Eastern Section of the lake district extends from about 145° to 
152° 30' west longitude. Most lakes there occur between the ?0th parallel 
and the Arctic coast, but the southern boundary is irregular since lakes 
are found farther south along stream valleys than on the broad inter-
fluves (Figure 1). In siae and shape, but not in orientation, basins in 
this area differ from those of the Western Section. They are generally 
much smaller, of more uniform size, and characteristically taper to the 
south. Lengths range from 10 to 20 feet to seldom more than a mile, and 
sub-rectangular rather than sub-elliptical shapes are the rule. Host are 
less than 3 feet deep. Near the Colville River many small basins are 
Figure 2. Lakes and drained lake basins in the Point Barrow area. Numbers denote the basins 
of most thorough investigation and letters the sites of drill holes 
Lakes and Drained Lake Basins 
of I he Barrow Area 
FIG. 
4 ' ill 
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confined to old drained basins of large lakes. Eastward this association 
is less conspicuous, and in the Kuparuk area is discerned only with diffi­
culty. 
Table 2. Names and tentative names of lake basins numbered in Figure 2 
(Eskimo names are freely translated where known; names in use 
are given in the left column) 
Number Name 
1 Imikpuk Lake - translated - Big Fresh Water Lake 
2 Footprint lake 
3 West Twin Lake 
4 East Twin Lake 
5 Elikosik Lake Spirit Lake 
6 Owl Lake Okpik Lake 
7 Antler lake Nugaruk lake 
8 Phalerope Lake Sawuk Lake 
9 East Loon Lake 
10 Loon Lake Malghi Lake 
11 Ikroavik Lake Place to Step into the Boat 
12 Meridian Lake 
13 Imaiksaun Lake Last Lake to the Village 
14 Ahaglik Lake Old Squaw Lake 
15 South Ahaglik Lake South Squaw Lake 
16 Jaeger Lake Isunuk Lake 
17 South Jaeger lake South Isunuk Lake 
18 Lost lake 
19 Gull Lake 
20 Deep lake 
21 Duck Lake 
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REVIEW OF THE LITERATURE 
Black and Barksdale (1949), Livingstone (1954), Rex (1958, I960), 
and Rosenfeld and Hussey (1958) are prominent among those who have pre­
viously investigated lake basin orientation on the Alaskan Arctic Coastal 
Plain. 
Black and Barksdale, after a thorough description of the lake basins, 
held that many show a distinct tendency to reorientation east-west since 
wave erosion is often prominent on the east and west shores. This 
tendency was attributed to the effect of present easterly and westerly 
winds. Black and Barksdale therefore suggested that Pleistocene winds, 
prevailing northwesterly-southeasterly, had produced orientation. 
Livingstone concluded his discussion of the Alaskan lake basins with 
the hypothesis that present prevailing winds are capable of orienting 
lake basins and that this process is currently operative. The mechanism 
Livingstone proposed to account for orientation depends upon build-up 
(set-up), under wind stress, of water on the downwind shores. In the case 
of a perfectly circular lake maximum set-up is at the mid-point of the 
downwind shore. On either side of this mid-point set-up decreases to a 
minimum towards the mid-point of each adjacent shore. The result is 
gradient currents flowing toward and reaching maximum velocity at the 
adjacent mid-points. Continued erosion at these sites eventually 
elongates the basin normal to wind direction. 
Rex reviewed the literature on hydrodynamics applicable to the 
problem of oriented lakes. Citing Bruun (1953)i in particular, Rex 
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proposed that lake basins in unconsolidated materials tend to assume the 
a real outline of elongate ellipses when exposed to opposing bimodal winds 
similar to those at Barrow. Such basins are equilibrium forms reflecting 
the effects of zones of maximum and minimum velocity in wind-driven circu­
lation around their margins. According to Brunn, in basins of finite 
dimensions maximum velocity of littoral drift occurs at points on the 
downwind shores where the angles between wave orthogonals and normals to 
the shorelines are 50°. Minimum littoral drift occurs where these angles 
are 0°, the nodal points, or directly on the downwind sides. For shore­
lines of limited length, a cycloid equilibrium outline results. Reversal 
of winds gives rise to two opposite shorelines of cycloid form, hence a 
basin of elliptical shape. The more squared configuration observed in 
basins at Barrow is a departure from predicted form that can best be ex­
plained, according to Rex, by considering wave orthogonals not as 
unidirectional, but as an array from one sector, where for large shifts 
in wind direction there are corresponding shifts in the locations of the 
nodal points, but little or none in the positions of zones of maximum 
littoral drift. This infers that sediment is persistently transported 
out of the leeward corners, even during large shifts in wind direction, 
while downwind shores, if not actually receiving sediment, remain as the 
zones of minimum littoral transport. The key to Rex's argument is that 
an equilibrium form for a lake basin with this system of hydrodynamics is 
an expression of the relative degree of erosion around its periphery. 
Erosion may be proceeding around all the shorelines, merely faster at 
some positions than at others, or there may be deposition in some sectors 
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at some times. 
Rosenfeld and Hussey (1958) put forward the hypothesis that there is 
a NNW-ENE fracture pattern on the Arctic Coastal Plain with the major set 
oriented NNW. Supposedly melting of iee concentrations in these fracture 
zones would cause development of oriented lake basins. Evidence cited to 
support the hypothesis is the parallelism between drainage lines and lake 
orientation. 
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PROCEDURE 
Modes of origin permit the classification of oriented lake basins 
into two types: those produced by forces essentially independent of, and 
usually prior to, the presence of water; and those produced by a system 
of forces (thermal, chemical, hydrodynamic, or some combination of these) 
involving their contained water. The former type may be defined as 
exogenic, the latter as endogenic. Examples of exogenic oriented lake 
basins are interdunal blow-outs, glacial scars, and fault basins. Ex­
amples of endogenic basins are certain thaw-basins and those in uncon­
solidated sediments which are shaped by a wind-driven circulation system. 
In endogenic lake basins orientation is a result of preferred loci of 
maximum and minimum effectiveness of formative processes upon the margins 
during basin growth. These processes change in intensity with increasing 
basin size so that for a group there are apt to be several distinct 
stages in a sequence of development. 
Knowledge that the oriented lake basins are formed in ice-choked 
sediment, highly susceptible to thaw and erosion, led to the hypothesis 
that they are the endogenic type. This is in line with initial assump­
tions by Livingstone and Rex that the basins are still being oriented. 
It is supported by the marine aspect of the Gubik sediments, which pre­
cludes a glacial origin for lake basins, and the presence of bimodal pre­
vailing winds and solar radiation, which experiments and theoretical 
considerations indicate are capable of developing an oriented basin 
morphology through combined effects on ice, water, and sediments. The 
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possibility of structural control of lake basins is recognized. However, 
lack of supporting data, the difficulty of securing such information, and 
abundant evidence in favor of wind-controlled morphology have relegated 
the structural hypothesis to the background. 
The problem of orientation in endogenic basins reduces to one of 
discovering how certain formative processes control shape from small, 
initial, irregularly-shaped, thaw-depressions to large oriented basins. 
This investigation has therefore sought to determine persistent thermal 
and erosive differences around the margins of lakes which control basin 
expansion. Since formative processes are in turn controlled by basin 
dimensions, all sizes of lakes were studied, from the smallest to the 
largest, with attention being paid to thermal and hydrodynamic processes 
relative to each size range. First, the active factors in basin forma­
tion were investigated—solar radiation and prevailing winds. Once the 
significance and principal loci of these were determined, the passive 
factor—ice content of the ground—was examined to ascertain ma-yjrmnn 
possible subsidence due to thaw. When this had been done a sequence of 
basins was selected to represent all sizes, with basins in each size 
range being as equivalent in dimensions and history as field investiga­
tion could determine. Effects of wind-generated currents, waves, 
ice-shove, and thermal regimes associated with different configurations 
of these were then studied and related to basin morphology and sediment 
distribution mapped in each range. 
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RESULTS 
Solar Radiation 
To partially test the recent solar radiation hypothesis (Carson and 
Hussey, 1959), certain rudimentary measurements on the effect of solar 
radiation were made. These were of the simplest sort, designed only to 
give an indication of whether further, more sophisticated techniques are 
warranted. The tentative conclusion is that they are not. 
The solar radiation hypothesis states that ice-filled sediments on 
the Arctic Coastal Plain are 'unusually susceptible to surficial thawing 
by insolation, and therefore any set of geomorphic facets oriented per­
pendicular to the noonday sun would tend to thaw more than any not 
so-oriented. South faces of polygonal mounds and north shores of oriented 
lake basins fit this category. The extension of basins by thaw of their 
north shores would be a possible result, if the hypothesis is correct, 
and orientation would parallel the trace of solar rays on the ground at 
noon; i.e., the meridians. 
Probes to the permafrost table on various slopes were inconclusive. 
It was therefore decided to conduct a simple experiment by which some 
inference could be drawn concerning differences in insolation between the 
north and south slopes, and whether or not further work should be under­
taken. A set of 12 copper plates, set in slots partitioned by vertical 
vanes, and oriented with hourly positions of the sun, were mounted atop a 
tower 20 feet high. Each plate was connected by a copper-constant 
thermocouple to a recording potentiometer; an insulated ice bath was used 
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for reference, calibration was to within 0.1 degrees centigrade, and the 
plates were insulated from reflected rays and prevailing winds by felt 
insulation and vertical vanes. The apparatus was kept in operation 24 
hours a day during the thaw season. 
Results of the above experiment show maximum insolation at noon for 
a clear, relatively calm day. No maxima or minima of significant value 
occur on foggy days. The implication is clear. Predominance of overcast 
days during the thaw season (see United States Weather Bureau data) 
renders it unlikely, on the basis of this experiment at least, that solar 
radiation is an important factor in lake basin orientation. 
Analyses of Prevailing Winds 
Previous work on oriented lakes near Point Barrow has emphasized the 
role of prevailing winds. In 1949 Black and Barksdale presented a wind 
analysis which showed directions of relative prevalence. Maximum preva­
lence was from the ENE, with a strong secondary maximum from the VBW. 
These directions are not exactly normal to basin orientation, and subse­
quent workers did not resolve the discrepancy. It was therefore decided 
to treat daily average velocities as vector components in a resultant 
summation. Summations of daily average velocities were made for 16 
points of the compass, assuming that individual averages given in Weather 
Bureau data were time equivalent. The vector sums from all directions 
were then resolved into two final resultants from each half of the com­
pass (1-180, and 181-360 degrees). Figure 3 shows that for several 
summers at Point Barrow, from June through September, the resultants of 
Figure 3» Wind diagram showing vector resultants of all winds for 
June through September 1953-1960, at Point Barrow. 
line A represents the trend of lake orientation 
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all easterly and westerly winds are not ENE-WSW, but more E-W, closely 
approximating normals to orientation. However, winds of relatively high 
velocity but short duration may be much more effective than those of lower 
velocity and longer duration, hence, a resolution of all winds, as in 
Figure 3, could be very misleading. To check this possibility, all winds 
over 13 mph were resolved for the same period as in Figure 3» Figure 4 
shows the results, which differ only in that a slight obtuse angle to the 
north between resultants is apparent. 
Literally hundreds of analyses have been made for various wind 
speeds and periods from Barrow records as far back as 1882. Out of these 
has come a general agreement with what is shown in Figures 3 and 4. An 
important refinement has been the discovery that for the two most crucial 
months of lake activity, July and August,, résultants have a pronounced 
obtuse angle between them to the NNW and are nearly perpendicular to the 
east and west shores* 
Analyses of wind data from stations nearest the Eastern Section, 
Barter Island and Umiat, yield diagrams similar to those for Barrow 
records, except that the obtuse angle between wind resultants is to the 
SSE (Figure 5)» 
Development of Thaw-Lake Basins 
Thaw-lake basins on the Arctic Coastal Plain may occur wherever re­
stricted drainago allows water to accumulate on the surface. Provided 
ponded water does not find a drainage outlet an initial depression will 
grow into a large lake basin. As might be surmised, thaw-basins commonly 
Figure 4. Wind diagram for the same period as in Figure 3» but 
exclusive of all winds less than 13 mph. Note the 
obtuse angle to the NNW 
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Figure 5• Resultants for all winds from June through September, 1957» 
for Barter Island, Alaska. Analyses of data from Uniat 
yield similar results. Note the obtuse angle to the SSE 
24 
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originate in low-center polygonal areas and at the junctions of ice-
wedges. 
When water first accumulates in an initial depression, thaw of 
ground-ice beneath is accelerated due to warm temperatures (sometimes in 
excess of 70° F.) acquired by the shallow waters'in summer.~ In fall ex­
pansion of freezing water shreds sunken tundra vegetation on the basin 
floors. During the following summer it is shifted by wave-action and 
thus the ground beneath is more easily thawed. Continuation of these 
processes through the years causes basins to deepen. 
Changes occur in the rate of basin subsidence with increase in size. 
They are brought about by an increase in volume of contained water, 
accumulation of bottom sediment, and continued accumulation of ground-ice 
beneath the basin. The influence of each of these factors changes with 
basin development. Young, shallow lakes thaw more quickly in spring than 
older, deeper lakes of larger volume, and after winter ice is gone they 
attain higher temperatures (Figure 6). In the Barrow area lakes less 
than 3 feet deep melt early; those more than 3 feet deep retain ice 4 to 
6 weeks longer. Thus as lakes become deeper lower water temperatures and 
less time for thaw to be effective reduce rate of basin subsidence. With 
increasing size bottom sediment becomes thicker; its interstitial water 
^Though thaw of ground-ice creates basins, lake waters are even­
tually maintained by spring snow melt and poor drainage conditions. 
Evidence for this is spring overflow and gradual lowering of water 
levels toward fall, and the fact that chloride content of lake water is 
on the order of 30-100 ppm while that in soil samples from the upper 10 
feet of the ground is often 18-20,000 ppm. 
Figure 6. Ranges of water temperature variation for loon Lake and Test 
Pond compared with air temperature for the period July 20th 
to August 25th. Temperatures in Test Pond follow air 
temperature much more closely than do those of Loon Lake 
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does not contact lake waters and, therefore, takes on the temperatures 
of the permafrost with depth. Such insulation of basin bottoms reduces 
rate of subsidence. During the winter, lake basins less than 6 feet deep 
are subject to a thermal regime similar to that of the surrounding tundra 
surface. There is continued accumulation of ice in wedges and intra-
polygonal areas in basin floors which retards settlement. This is made 
possible by continued contraction of basin sediments in winter and an 
exceptionally adequate source of water from the lakes in spring. After 
a depth of 6 feet is reached lakes near Barrow no longer freeze to the 
bottom in winter; there is a zone of thaw temperature over the bottoms 
all year around (Brewer, 1958b). Continual thaw temperatures cause ice-
wedges and intrapolygonal ice there to eventually disappear and a thaw 
zone to extend to some depth (depth of thaw beneath Imikpuk Lake, which 
is 9 feet in depth, is 190 feet). These zones represent major relief 
features on the upper surface of the permanently frozen ground, which in 
the Barrow area extends to a depth of 1330 feet (Brewer, 1958b). 
Rate of subsidence in basins deeper than 6 feet probably continues 
to decrease despite continuous thaw temperatures over the bottoms. 
Greater water volume and thicker bottom sediment contribute to this. 
Another factor, and one not present where shallower basins are concerned, 
is that melt waters of the thaw zones beneath these basins do not easily 
escape. This would retard settlement since the only subsidence caused by 
thaw in these zones is due to whatever volume change occurs with melting. 
To determine maximum basin subsidence due to thaw, a drilling pro­
gram was undertaken to acquire samples for moisture content analyses. 
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These investigations were mostly confined to the upper 20 feet of the 
frozen ground. No attempt was made to assess the properties of perma­
frost in general; it has been adequately discussed elsewhere (Mul.ler, 
19^7; Black, 195^» Brewer, 1958a; Lachenbruch, 1959» and Lacheribruch and 
Brewer, 1959)* 
Figure 7 shows average moisture content per 100 grams of oven-dry 
soil to a depth of 20 feet in 9 holes drilled south of Barrow. These 
holes were drilled in intra-polygonal areas where ice content is minimal. 
Data obtained were compared with field observations with the following 
results : settlement in samples of the upper 20 feet of the ground indi­
cate maximum subsidence there to be about 8 or 9 feet. Of 162 lakes 
measured north of the 71st parallel, none is over 10 feet deep. It would 
appear then that the maximum depth a basin may reach is about 10 feet. 
However, many basins, such as Imaiksaun Lake (Figure 2) lie within 
sequences of old drained basins, the total depth of which is more than 
10 feet. 
It is possible that thaw below depths of 20 feet can produce addi­
tional settlement. Reference to data in Table 3 (see Figures 2 and 8 for 
the areal locations of holes) shows that ice content decreases markedly 
between depths of 10 and 20 feet. Below 20 feet decrease in volume is 
less and more regular. In order for additional settlement to occur, ice 
content by volume should exceed final void space in sediments below the 
20 foot level. Applying the equation for conversion of moisture content 
Figure ?• Average moisture content of the upper 20' of the permafrost 
(from 9 20' holes in the tundra near Pt. Barrow) 
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AVERAGE MOISTURE CONTENT 
OF THE UPPER 20' OF THE PERMAFROST 
(FROM 9 20' HOLES IN THE TUNDRA NEAR PT. BARROW ) 
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Figure 8. Locations of holes drilled in and around loon and East 
Loon lakes. Moisture content data are shown in Table 3 
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Table 3» Moisture content data (in grams/100 grams of oven-dry soil) 
from in and around Loon and East Loon Lakes. Locations of 
the holes are shown in Figure I4a 
Depth Hole number 
of hole 1 2 3 4 4A. 5 6 
(feet) (percentage) 
1 110 14 28 91 91 214 149 
2 157 19 26 133 140 251 185 
3 180 29 25 195 25000 160 169 
4 154 44 25 132 24200 92 100 
5 100 39 23 61 1663 51 39 
6 67 25 26 97 73 35 25 
7 40 28 31 95 72 19 19 
8 48 38 88 53 26 23 
9 54 49 80 78 14 26 
10 47 52 64 75 21 24 
11 53 68 51 23 
12 53 51 30 20 
13 42 31 28 18 
14 29 24 23 
15 22 26 23 
16 15 21 
17 15 28 
18 16 20" of 53" of 49" of 45" of 20" of 
19 43 lake lake ljke lake lake 
20 42 ice ice ice ice ice 
aHole #1 was drilled twelve feet above the shoreline of loon Lake, 
#7 fourteen feet, #10 one foot, and #12, three feet. Depth below lake 
level for the top of each hole in the lakes is given at the foot of the 
respective columns. Distances of the holes in Loon from the west shores 
are, starting with #2, 25, 200, and 800 feet. Holes 5 and 6 are 200 and 
25 feet, respectively, from the shore. Numbers 9 and 11 are 20 feet from 
shore. Hole #12 is 250 feet from shore; #10, 40 feet. 
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Table 3 (Continued) 
3epth 
r hole 
reet) 
7 8 9 
Hole number 
10 
(percentage) 
11 12 13 
1 59 31 260 429 46 129 112 
2 148 130 149 312 61 308 96 
3 156 3039 54 255 . 44 256 62 
4 137 4407 95 336 38 86 50 
5 225 4075 62 101 40 77 35 
6 76 1436 28 112 54 61 59 
7 37 675 24 52 61 55 46 
8 28 416 31 38 35 35 28 
9 29 293 43 17 36 39 35 
10 23 277 41 22 44 67 36 
11 40 155 25 55 35 107 36 
12 46 102 24 48 33 86 37 
13 43 85 26 41 90 43 
14 46 31 41 88 27 
15 41 26 42 88 21 
16 26 75 17 
17 22 64 15 
18 16 38 
19 17 26" of 17" of 24" of 34 26" of 
20 17 lake lake lake 18 lake 
ice ice ice ice 
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to per cent volume of ice2 to data from Table 3 it can be seen that ice 
ty volume is less than final void space, if we assume an average moisture 
content of 15^ for the zone below 20 feet (giving a volume of ice of 
about 3<$) and that the Gubik sediment is uniformly fine sand (which has 
a void volume of about 44-49^ according to Pettijohn, 1957)* Preliminary 
sediment analyses show that silt size material is mixed with dominant 
fine sand sizes near Barrow so total void space is less than 44-4 ' f ^ .  
But a decrease of more than 15-2($ would be necessary before thaw would 
produce any settlement. 
This brief analysis indicates that basin sequences in excess of 10 
feet in depth are not due to thaw of ice below the upper 20 feet of 
ground. However, data from only two holes are probably not conclusive 
and it may be reasonable to suspect that in some areas sufficient ice 
occurs below the upper 20 feet to allow additional settlement. An 
alternative explanation of deep basin sequences is that they may occur 
within initial topographic lows. 
A maximum depth of 10 feet in present lakes near Point Barrow is 
thought to be due to the very slow rate of subsidence, which increases 
2V = m.c./m.c. 34.6. where m.c. is moisture content by weight/100 
grams of dry soil, and 34.6 is a derived constant. Assumptions are that 
there are no voids in the sample, specific gravity of ice is .917, and 
that of soil 2.65. The equation is derived as follows: 
m.c./ .917 . .917 _ m.c. _ m.c. 
m.c./.917 100/2.65 .917 mTc. .917 (100) m.c. 34.6 
2.65 
^This assumption is based on data from 2 holes made available 
through the courtesy of the Snow, Ice, and Permafrost Project of the 
U.S.G.S. 
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probability of at least partial drainage before a depth of 10 feet is ex­
ceeded. Draining occurs through development of drainage integration by 
stream erosion or basin coalescence. Drainage and compounding of many 
lake basins long before they reach a depth of 10 feet shows that these 
processes occur much more rapidly than subsidence (see Figure 2). 
Circulation Systems, Thermal Regimes, and 
Basin Morphology in the Western Section 
Wind driven circulation systems are determined by basin size. Size 
also determines changing thermal regimes. Accordingly, there is a serial 
development in the morphology of the basins. Size ranges presented here 
are categories based on east-west dimensions, or width (fetch). They are 
0-200 feet, 200-1200 feet, 1200-1800 feet, 1800-2400 feet, and greater 
than 2400 feet. Except for the 0-200 foot category location of each 
basin mentioned is shown in Figure 2. Wind-driven circulation patterns 
shown for each size range were mapped and velocities measured by use of 
sodium fluorescein dye and aluminum floats. 
Circulation in the 0-200 foot range resembles the system proposed ty 
Livingstone for larger lakes. Surface flow is leeward, and in the zone 
of wave-translation on downwind sides. There is a slow return at depth 
in windward halves, with accelerated flow at north and south ends. How­
ever, since these currents occur in square and rectangular, as well as 
circular basins, they appear to be related more to reduced wave veloci­
ties in the ends than, as Livingstone suggested, a gradual reduction in 
fetch in each direction from the leeward mid-point. But regardless of 
its exact cause circulation is too slow to move sediment; the only water 
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motion capable of this occurs in zones of wave-action on leeward sides. 
As lakes increase in size a gradual change in circulation systems is 
observed. In the upper part of the 200-1200 foot range leeward surface 
drift as well as deeper return flow often occurs at the ends, and in high 
winds all motion there is leeward. However, compared to wave-action end-
currents are still negligible movers of sediment. In the lowest part of 
the 1200-1800 foot fetch range a leeward longshore flow due to wave-
refraction occurs at north and south ends which is predominant over 
gradient return. In very high winds these end-currents move sediments, 
but they are primarily light organic silts that have been disturbed by 
waves. In the 1800-2400 foot fetch range end-currents due to wave-
refraction in leeward corners become pronounced and are capable of sus­
tained transport of finer fractions once wave-action has loosened them. 
Fine sand is transported by saltation. Beyond 2400 foot fetch circula­
tion in open lakes is merely a more effective version of that in the 
previous range. In Ikroavik Lake current velocity in the zones of maxi­
mum littoral drift at the leeward corners commonly reaches 30 cms/sec 
during 20 mph winds. Lag gravels and current ripple-mark s are produced. 
At the same time higher velocity and wave-impact in the zone of swash in 
these corners cause beach drifting of pea-sized gravels at a rate of 
255' /hour. Observations of such movements confirm the location of zones 
of maximum littoral drift predicted by Rex. His further prediction, that 
shifts of this zone are relatively small for large shifts in wind direc­
tion and nodal points, has also been verified. Wave-action on the leeward 
shore of Ikroavik is powerful during moderately high winds. Wave-length 
during a 20 mph wind is on the order of 10-15 feet, wave period about 
2=3 seconds, and wave height about 1-1.5 feet. Turbidity confined to 
shelf waters indicates these are the only zones in which wave-base 
reaches bottom in lakes the size and depth of Ikroavik. Return flow to 
the windward shores in deeper lakes is measurable, but diffuse and weak. 
There appears to be a gradient flow in each direction from the mid-point 
of the downwind shore, perhaps for the reasons Livingstone suggests = 
This flow occurs lakeward from the zone of breakers, however, and is of 
too low a velocity to move sediments. Its role may be merely to nourish 
longshore flow in windward corners. Gneral return flow is also de­
flected, probably by leeward surface stress, towards the windward corners, 
especially in more circular basins. 
lakes with a fetch of more than 2400 feet are usually, though not 
always, 6 feet or more in depth. In these basins initial melting of 
lake ice in spring leaves a central cake surrounded by a narrow moat of 
open water (Figure 9). Moats remain because thickness of the ice cakes 
causes them to ground on the frozen shelves, thus preventing wind from 
blowing them ashore for several weeks. Cakes are shoved onshore only 
after they have thinned enough to override the shelves and shelf sur­
faces have thawed, lessening resistance to passage of ice over them. The 
position of moats reflects basin morphology to some extent since melting 
occurs first in areas of thin ice; i.e., shallow water. Where nearshore 
waters are deeper, as at the north and south ends, moats are narrower, 
indicating a fairly close control by basin morphology. Another con­
tributing factor to earlier melting of nearshore ice is drainage of 
Figure 9* The basin morphology, open water circulation, and ice cake 
currents in Ikroavik Lake, A circulation pattern for 
Imikpuk Lake is also shown 
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tundra melt-waters into lakes. 
When ice cakes are present wind-driven circulation accommodates 
itself accordingly. A slow drift occurs, from a null point at the middle 
of the windward shore, towards each end when wind prevails perpendicular 
to the long axis of a lake. Velocity increases to a maximum at the ends; 
flow then converges towards the mid-point of the leeward shore at 
gradually decreasing velocity until a null point is again reached. Re­
turn flow to the upwind shore has been shown to take place under the ice 
cake, at first through gaps between the bottom of the ice and the sub-
littoral shelf. later, there is a general return from the downwind side 
where the ice cake has largely thawed free of the sub-littoral shelf, 
and where it is not drifted against the bottom. With winds averaging 
about 30 mph, including gusts to 60 mph, velocities as high as 120 
cms/sec have been measured in the swash at the north end of Ikroavik 
Lake. 
Enough precise measurements of currents associated with ice cakes 
were not obtainable to allow construction of a valid mathematical model. 
Available data indicate that water is driven around both ends of an ice 
cake by wind to a null point zone of maximum elevation in the leeward 
moat. From here there is a gradient return flow beneath the cake to 
the windward most null point where it divides and flows to replace water 
driven from the ends, The predictions of Rex on nodal points and maximum 
drift changes corresponding to wind shifts apply to ice cake currents as 
well as those of open lakes. 
Continual mixing of the shallow waters by wind does not allow 
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"thermal stratification to occur in lakes of any size range at Barrow 
(Brewer, 1958a). They remain isothermal with the magnitude of diurnal 
temperature fluctuation being reduced with increasing lake size (see 
Figure 6). Shallow, marshy areas where water is allowed to stand free 
from wave agitation are the only portions of open lakes where an 
isothermal condition does not strictly hold. During the presence of ice 
cakes, however, temperatures in the moats are non-uniform (Carson and 
Hussey, I960); moats along the east and west sides are generally colder 
than those at the ends. This is shown in Figure 10, which is based on 
continuous temperature records made by thermographs and stick thermome­
ters for the period of July 2-27, I960, in Ikroavik Lake. The instru­
ments were calibrated for an accuracy of 0.1° F. and readings were taken 
at a water depth of one foot around all sides. 
Lower temperatures in side-moats are due to the presence of anchor-
ice and floes which remain there because circulation is slower than at 
the ends. Temperature differences between side and end-moats tend to be 
greatest on calm days when there is no mixing of water by currents and 
waves. As can be seen from Figure 10 graphs for the two different sets 
of temperature recordings converge from a maximum spread during early 
stages of the ice cake to a minimum spread near the end of the period, 
when Ikroavik has become nearly isothermal. 
Basins in the 0-200 foot range are usually irregular in outline with 
bottom sediments containing a high proportion of organic matter derived 
from the sunken tundra mat. Since this peaty material is of low specific 
gravity it is easily drifted by wave-action into broad, sub-littoral 
I 
Figure 10. Water temperature ranges at the side and end moats of Ikroavik Lake for the 
period July 2-6, I960. The upper graph gives diurnal fluctuation and the lower 
graph a comparison of ranges 
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bars. These bars determine basin morphology. They fora normal to wind 
resultants, or parallel the average trend of wave fronts, and are wider 
along west sides, reflecting the greater prevalence of east winds. No 
bars occur along north and south shores, consequently depth there is 
approximately the same as in the basin centers. 
Peat bars in initial basins insulate bottoms near the sides, and 
since lateral expansion takes place primarily by thaw, extension in an 
east-west dimension is reduced. Insulation becomes especially prominent 
when water level drops leaving the bar surfaces to dry. Thickness of the 
layer of bottom sediments, or sub-aqueous "active layer," closely approxi­
mates that of the adjacent tundra because water temperature in shallow 
ponds fluctuates closely with change in air temperature. Therefore, when 
bottom sediment is drifted into thicknesses greater than that of the 
active layer, as in peat bars, the basin floor is insulated. 
The influence of insulation on orientation of initial basins only 
becomes evident when enough organic matter has been derived from the 
sunken tundra mat to form bars. Where this has not happened longer 
east-west than north-south dimensions are often found in the 0-200 foot 
range because warm, shallow, waters are blown over adjacent tundra before 
formation of sub-littoral bars is adequate to insulate it. 
In the 200-1200 foot range inorganic sediments derived from beneath 
the sunken tundra mat form a larger proportion of the bottom sediment. 
Sediment distribution, however, and insulation, remain the same, except 
that east and west sides of most basins have become straightened, re­
flecting an increasing control on basin morphology by sub-littoral bars 
47 
which insulate and buffer the shores from wave-attack. Unprotected north 
and south shores are often serrate, with inlets at sites of ice-wedges. 
Basins which do not have well developed sub-littoral bars, have east and 
west shores with an outline similar to that of the end-shores. 
In the 1200-1800 foot fetch range increased depth and fetch results 
in higher wave velocity which confines peat bars to the beaches. The 
former positions of peat bars in sub-littoral profiles are occupied c>y 
predominantly inorganic wave-cut benches, or shelves. Where maximally 
developed, these latter function to protect the sides by causing waves to 
shoal before reaching shore. Overall basin morphology remains similar to 
that of smaller basins, with sub-littoral shelves on the sides and central 
basins extending nearly to the ends. However, basin outline is now more 
rectangular in favor of the north-south dimension, and perpendicularity 
of east and west shores to wind resultants creates a northward taper. 
Due to increased frequency and power of wave-attack and ice-shove, the 
overall trend of end-shores, especially those at the north, is gently 
curved, though still serrate in detail. 
Loon and Antler Lakes occur at the lower and upper boundaries, 
respectively, of the 1800-2400 fetch range (Figure 11). In general, 
there is in these basins an accentuation of the morphology and sediment 
distribution observed in the upper part of the preceding range. Sub-
littoral profiles are better developed, and there is evidence of scour at 
the ends by beach drifting and linear flow. Banks reflect a greater 
competence of waves by a characteristic morphology which depends upon 
position on the shoreline. High banks on the sides have a wave-cut 
\ 
Figure 11. Contour maps of the basins of loon, East Loon, Antler, and Footprint Lakes 
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morphology, but low banks are usually so protected from erosion by peat 
bars that they are simply let down by thaw, the tundra mat remaining con­
tinuous from banks into the basin floors. Though tundra mat in the ends 
is wave-swept and partially eroded, a thaw-bank is still dominant there ; 
and where an end-shore is fairly high trends of ice-wedges into the basin 
are accentuated by differential thaw. Basins in this fetch range are 
usually clearly elongate, with a sub-rectangular to sub-elliptical shape 
and distinct northward taper. 
In basins with more than 2400 foot fetch, and sufficient depth, ice 
cake currents and warmer temperatures occur at the ends and facilitate 
orientation. Shelves at the sides remain frozen to within an inch of 
the surface for as long as three weeks after initial thaw, but warmer 
temperatures in the end-moats thaw basin floors there to a depth of 5 or 
6 inches during presence of ice cakes. Waves, currents and ice floes 
are therefore more effective erosive agents at the ends than the sides 
during this period and north-south dimensions are extended. In Ikroavik, 
Imaiksaun, and Imikpuk, ice-shove during break-up of ice cakes often 
occurs which is only negligible in smaller basins. It is confined to the 
ends where shores lack protection of well-developed sub-littoral shelves 
and peat bars. The sides of these large basins are torn and gouged ty 
wind-driven floes, but the effects would be more pronounced if ice did 
not often ground in shallow shelf-waters, and if shelves were not pro­
tected from deep scour when frozen. The ends, though unshielded by sub-
littoral shelves and peat bars, are not as often exposed to ice-shove due 
to a lack of strong north and south winds during spring and early summer, 
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and whenever it does occur there the ridges formed do not long remain in 
the presence of longshore swash and currents. 
There can be little doubt that end-currents in open lakes the size 
°f Ikroavik are of some importance in basin orientation. Bimodal winds 
alternate zones of maximum littoral drift from corner to corner, with 
the result that there is a continual removal of sediment and exposure to 
thaw in the ends. 
As in other size ranges wave-action on downwind, or leeward shores 
of large basins is still the dominant molder of morphology. Waves 
distribute sediment over benches they have eroded, winnowing dark, fine 
fractions towards central basins and shifting sands toward the beaches. 
In this way complete profiles of sediment distribution are formed. Sub-
littoral shelves are best developed where waves cut into an area of 
relatively high topography such as occurs along the west side of Antler 
Lake. (Although Antler Lake's dimensions are only in the 2400 foot 
fetch range, it is the most recently drained large basin near Barrow, and 
hence is ideal for detailed mapping and sampling. Its morphology and 
sediment distribution are similar enough to that of still larger basins 
to enable it to be appropriately included here. Figure 12 illustrates 
the basin morphology and sediment distribution in this basin. Less de­
tailed work in Loon and Ikroavik shows a close similarity to findings in 
Antler lake.) Here a wave-cut bank is formed with a beach at the base 
which grades lakeward into a zone of scour where mantling sediments are 
thin. Beyond the zone of scour sediments thicken and reach maximum 
thickness in a wave-built terrace. Along low shores sub-littoral 
Figure 12. Schematic drawing of basin morphology and sediment distribution of Antler Lake 
basin. Particle size of sediments is shown in millimeters, and organic matter 
in per cent by weight 
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surfaces are only thinly mantled with silt and sand, which overlies 
sunken tundra vegetation. Beaches in most basins this size are charac­
terized by thick deposits of wave-drifted peat, which are sometimes 
interlayered with thin beds of silt and sand near the base. This peat 
has been torn by ice and waves from the central basins, sub-littoral 
shelves, and high banks, and commonly forais bars which extend the entire 
length of low shores. Some peat bars are as much as 80 feet wide and 2 
feet thick. Similar deposits along high banks are usually less extensive 
and are obscured beneath sand and silt in the beach. 
Characteristic morphology in basins with a fetch of more than 2400 
feet is, for the most part, similar to that of Antler Lake. What dif­
ferences occur reflect increased power of currents and waves, plus ef­
fects of ice shove. Peat bars are still effective inhibition of east-
west expansion, but proportionately less than sub-littoral shelves. 
Ice-shove on the sides erodes banks, creating a more elliptical basin 
outline, though the shelf margins remain straight Northward taper is 
very pronounced, as is the curvature of north shores, and both ends are 
eroded by currents, wave-attack, and ice-shove. In short, forces pro­
ducing orientation are very effective. The result is length-width ratios 
in excess of those of most basins in the lower ranges. Ratios of 4 or 
5:1 are not uncommon. 
Permafrost profiles of larger lake basins show a definite contrast 
by sediment size and composition. Where particle size is greatest and 
sorting fairly good, depth to permafrost is maximal but where particle 
size decreases and organic matter content is high as around the margins 
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of central basins in lakes more than 6 feet deep, the permafrost table 
occurs at shallower depths. Heavy sand beaches beneath high banks may 
insulate the basins floor there, but not nearly so efficiently as peat 
bars along low shores. These become especially effective when the sur­
faces are dry, and freezing temperatures are often encountered above 
basin floors in the peat itself. 
It can be seen from the foregoing description that processes initial 
in small ponds have, in conjunction with other processes peculiar to 
large lakes alone, increasingly controlled developing basin morphology, 
so that what began as small, irregularly-shaped thaw-depressions have 
evolved into large, oriented lake basins. 
Circulation Systems, Thermal Regimes, and 
Basin Morphology in the Eastern Section 
Circulation systems and thermal regimes of small oriented lakes in 
the Kuparuk River area are very similar to those in small lakes near 
Point Barrow. In both groups wave-action along the east and west sides 
is the only water motion capable of moving sediment. Wave agitation also 
keeps these small lakes isothermal, though, as at Barrow, water tempera­
tures exhibit considerable diurnal fluctuation. 
The lake from which data presented here were taken is typical of 
those in the Eastern Section. Temporarily designated K.#l, it is JOO 
feet long, 80 feet wide, and 15 inches deep in the center. Approximate 
geographic location is 14Ç° W, 70° N, in a cluster of small oriented 
basins near the Kuparuk River. 
During a 20 mph wind circulation in K.#l was as follows (see 
56 
Figure 13): surface drift parallel to wind direction moved towards the 
leeward shore where wave-action achieved maximum power. A very slow re­
turn occurred at depth which, on arriving at the windward shore, turned 
and moved parallel to the bank to the northeast corner. From there it 
swept around the north end and joined surface drift to leeward. Maximum 
velocities of about 1.7 cms/sec occurred at the northeast corner. 
The thermal regime of this lake for a short period is shown in 
Figure 13• No important temperature differences were observed around 
the periphery. 
Morphology of basins in the Eastern Section is similar to that near 
Point Barrow, except that basins are smaller, point south, and appear to 
be more definitely oriented due to a generally greater length-width 
ratio. Because of shallow depth (15") basin sediments of K.#l are 
highly organic (Figure 13), therefore of light specific gravity, and 
easily moved by wave translation near shore. This is general over the 
Eastern Section. Peat bars formed along the east and west sides produce 
the familiar morphology of shallow depths there with a deeper central 
basin extending to the north and south ends (Figure 13). 
Composition of basin sediments in the Kuparuk area, however, differs 
from that near Barrow. There is a high calcium carbonate content in 
parent materials, hence a marly coating colors basin sediments, rendering 
subtle differences in deposition and wave-effect on basin floors much 
more discernible than do dark brown sediments in the Barrow basins « For 
instance, in the central basin of K.#l, where wave-action is apparently 
at a minimum, sediments break into irregular polygonal flakes 2 to 4 
Figure 13» Upper left: The circulation pattern in lake K.#l under 
a 20 mph wind 
Upper right: The three zones of flake size for organic 
sediments are shown plus per cent organic matter in five 
six-inch cores across the basin. Per cent organic matter 
is by weight from hydrogen peroxide treatment 
Lower left: The basin contour configuration of Lake K.#l 
Lower right: Contours on the permafrost table in 
Lake K.#l 
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inches in diameter which appear to be undisturbed (see Figure 13). This 
area is surrounded by a belt of sediments about 20 feet wide in which 
surface flakes are only .05 to 1 inch in diameter, indicating more effec­
tive wave-action in shallower water. Finally, in bars at the sides 
relatively vigorous wave-action keeps sediment in a granular form, with 
size becoming increasingly fine towards shore. 
A permafrost profile (Figure 13) in.K.fl shows a relationship be­
tween sediment thickness and depth to permafrost similar to that in the 
Barrow lakes. Maximum thickness of the sub-aqueous "active layer" 
coincides with maximum thickness of sediments, hence occurs in the de-
positional bar along the west side. This bar is more extensive and 
thicker than that along the east due to more prevalent easterly winds. 
Additional work remains to be done on basins of the Eastern Section, 
for as yet no cross-sections of drained ones have been made and a minimum 
of information is available on characteristics of the permafrost. Data 
so far indicate many similarities to those at Barrow, but there are also 
significant differences. 
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REVIEW OF RESULTS 
Foregoing descriptive material strongly supports the initial 
assumption that the basins are endogenic. Previous work may now be 
evaluated in light of this. 
Livingstone objected to the hypothesis of Black and Barksdale and 
contended that a consideration of Pleistocene history, particularly of 
the Arctic, indicates no great shifts in prevailing winds. Livingstone 
felt that the lake basins are still in fairly close balance with the 
forces which produced them. Rosenfeld and Hussey point to the existence 
of old, stabilized, longitudinal dunes on the Coastal Plain, oriented 
parallel to present wind directions, as evidence that present conditions 
have prevailed for a long time. Investigations presented here have re­
vealed nothing to controvert these criticisms. It has been shown that 
circulatory and thermal systems set up in the lakes by present-day winds 
can account for the characteristic basin morphology. 
Rosenfeld and Hussey objected to Livingstone's hypothesis because 
of factors left unconsidered and unrealistic requirements. Two factors 
not considered by Livingstone are eddy viscosity and water depth. An 
unrealistic requirement is that of an initially circular lake basin. In 
general it appears that Livingstone's hypothesis lacks reference to 
experimental data which would have altered theoretical treatment, such 
as the well established fact that longshore drift flows in the general 
direction of the wind when waves meet the shore at an angle. 
Livingstone's end-currents flow against the winds, which might only 
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happen where a minimum of wave-action occurs, but with water still being 
set-up on the downwind shore, as Keulegan (1951) describes for an ex­
perimental pond to which a detergent was added to diminish waves. Actual 
measurements show that currents proposed ty Livingstone do not occur 
prominently in larger lakes near Point Barrow, but only in small ponds 
where fetch is insufficient to permit generation of large waves. Circu­
lation in these small ponds, however, is of too low a velocity to erode, 
the shores and therefore cannot contribute to orientation. 
The hypothesis of Rosenfeld and Hussey is difficult to evaluate. 
The inference that fracture-controlled ice-rich zones give rise to 
oriented thaw depressions is attractive, particularly when small basins 
such as those of the Eastern Section are considered. Possible extension 
into the Coastal Plain of fracture patterns observed on aerial photos of 
anticlines in the Foothills Province must be admitted, and a system of 
epi-anticlinal tension fractures transverse to regional structure is to 
be expected. But so uniform an orientation over such a large area as the 
Arctic Coastal Plain seems unlikely. Preferential haat flow or ice con­
centration along fractures, or oriented segregations of sediments, may 
occur in the subsurface which would somehow control development of thaw 
basins, but aside from objections to their possible existence, these 
would be difficult and expensive to discover. No evidence to date indi­
cates their presence. 
The lyrpothesis of Rex appears to have the most merit of those con­
sidered here. His prediction of the zone of maximum littoral drift has 
been verified by field tests. But field investigation throws doubt on 
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the adequacy of this hypothesis except, possibly, as it is applied to 
the largest basins, for not until lake basins become fairly large, and 
certainly long after they are definitely oriented, do currents in the 
ends seem to have an erosive effect. All but the largest basins appear 
to have retreated at the ends primarily by thaw. This is evidenced by 
an extensive cover of sunken tundra mat on banks and sub-littoral sur­
faces in the ends of basins up to the size of Antler Lake. The very 
small basins of the Eastern Section present an additional difficulty. 
The majority of these are too small for longshore currents of any effec­
tiveness to be generated. 
Because thyy have focused attention on important factors in lake 
basin orientation the above hypotheses are valuable. Each is in some way 
an improvement on the previous one. Taken together they constitute a 
system of multiple working hypotheses of benefit to any detailed study 
of the lake problem. Certainly there has been provided a basis of thought 
to guide gathering of information presented here. 
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CONCLUSIONS 
Explanation 
It is concluded, on the evidence presented above, that lake basin 
orientation on the Arctic Coastal Plain of Alaska is predominantly an 
expression of a basin morphology controlled through interaction of two 
processes—slow basin subsidence by thaws and wind-oriented wave-action. 
These combine to produce a preferred pattern of morphology through all 
phases of basin development, with orientation accelerated during later 
stages by other processes, chiefly thermal and circulatoiy. 
The mechanism which controls morphology operates as follows: in 
shallow lakes basin depth exerts a close control on wave velocity. Rate 
of basin deepening is very slow relative to formation of sub-littoral 
profiles on the sides, and therefore any increase in depth is quickly 
reflected by an adjustment of these profiles to higher wave velocity.'* 
Thus there is a tendency for profiles to approach conditions of equi­
librium for each basin depth and width. At equilibrium sub-littoral 
profiles are at maximum extent, and basin expansion east-west is minimal 
due to the effects of the shelves and peat on erosion and thaw. These 
restrictions do not occur at the north and south ends, hence there is a 
greater rate of north-south than east-west expansion. In large basins 
^This is supported by the work of Thijsse (1952) who was concerned 
with lakes 1.5 meters in depth (about 5 feet) and in a fetch range 
comparable to that of larger basins near Barrow. An increasing wave 
velocity was observed by Thijsse after dredging, an operation with a net 
result equivalent to that of deepening by thaw. 
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more rapid thaw and ice cake currents accelerate north-south elongation. 
It should be emphasized that equilibrium is a condition only 
approached, and does not induce an absolute limit to basin size, other­
wise small basins in equilibrium would never grow larger. The importance 
of the concept is its stress on limited basin expansion parallel to pre­
vailing winds. If there is relatively sudden basin subsidence, perhaps 
due to rapid thawing of an ice-rich zone, the basin expands because wave 
velocity increases, and basin contour configuration will appear as in 
Figure 14 (A) until equilibrium is re-established, whence it will appear 
as in (B). 
The equilibrium profile concept leads to the conclusion that, given 
uniform composition of passive factors, and uniform effect of active 
factors in basin development, there should occur, for each stage in a 
developmental sequence, a characteristic depth and fetch, with no re­
strictions on length (Table 4). Actual basins which conform rather 
closely to ideal dimensions are: Test Pond, Phalerope Lake, Owl Lake, 
Gull Lake, Antler lake. West Twin Lake, East Twin Lake, and Loon lake. 
Presentation of a perfectly precise account of any natural phenome­
non is difficult, and the difficulty is compounded with addition of 
variables of indefinite magnitude. Some important variables in the 
problem of oriented lake basins near Barrow not known with precision are 
variations in ice content of sediments, variations in particle size from 
area to area of the Gubik formation, and individual basin history. An 
ideal description of developing orientation must take account of these 
and other factors, and when predictions are attempted apparent anomalies 
Figure 14. A comparison of contour spacings in a non-equilibrium 
basin (A) and an equilibrium basin (B) 
X- SECTION 
NON-EQUILIBRIUM 
X-SECTION 
EQUILIBRIUM 
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Table 4. The ideal depth-width relationship for a depth range of 2-6 
feet and width range of 1200-3600 feet 
Depth Width 
1 0-200 
1-2 200-1200 
2-3 1200-1800 
3-4 1800-2400 
4-5 2400-3000 
5-6 3000-3600 
must be explained and the general similarity of all basins left to be 
inferred from orienting processes discovered. 
Examples anomalous to the ideal are those basins deeper or shal­
lower than their fetch range would prescribe. Some of those deeper may 
be out of equilibrium due to rapid thaw of sediments of high ice content 
beneath, and will expand to reach equilibrium. Others are older basins 
in which partial drainage has exposed great widths of gently sloping 
shelves per relatively small drop in water level, and left a relict lake 
occupying the central basin. East-west expansion of these relict basins 
is negligible because of reduced fetch and low banks not easily eroded. 
Basins of shallower depth than inferred from their width may have had a 
subsidence slower relative to lateral expansion than in the ideal cases 
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due to lower ice content in the sediments in which they are forming ; 
therefore these basins have approached an equilibrium form of much greater 
maturity than ideal counterparts of equivalent age. Where coalescence has 
occurred a basin of great width but shallow depth is produced. In still 
other situations partial drainage of a basin out of equilibrium may re­
sult in an anomalous depth-width relationship because not much shelf 
area is available for exposure per unit vertical drop in water level. 
Near Point Barrow there are several apparently anomalous basins that 
require interpretation. Imaiksaun lake has a width of only 2900 feet, 
but a depth of about 7.5 feet, while Ikroavik, with a width of about 
5000 feet is 6.5 feet in depth. Certainly these two basins are apparent 
exceptions to what might be expected from information in Table 4. How­
ever, Imaiksaun Lake lies within a sequence of old drained basins, and 
possibly within an old topographic low. Partial drainage of a much 
wider basin could well have occurred, exposing a great width of shelf for 
a Relatively small drop in water level. This would have produced a basin 
with a depth too great for its width, but limited ability of the lake to 
attack low-lying shores would cause the basin to remain in this condi­
tion. Ikroavik, according to the ideal scheme, is somewhat wide for its 
depth. Detailed examination of the environs has shown this basin also 
lies within a sequence and has quite likely been coalescent. Other 
anomalies are Footprint and Deep Lakes (Figure 2). Footprint may be ex­
plained in the following way: the elevation of its southern portion, 
as revealed from old shorelines, was somewhat higher than that of the 
northern half. It is supposed that there were once two separate basins, 
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and that the northern basin in extending southward breached the shoreline 
of South Footprint causing it to drain into the more northerly and lower-
lying basin. This flooding was probably not a one-season affair, but 
occurred during successive springs as runoff into South Footprint was 
funneled into the northern basin. An excess of water covered the tundra 
surrounding North Footprint in a warm, shallow flood, causing its 
eventual subsidence and incorporation into the main basin which, itself, 
may not have been deepening rapidly. We see today a northern basin 
wider than would be predicted from its depth, and a southern basin some­
what shallower than its fetch range indicates. Deep Lake lies within a 
sequence of old drained basins (Figure 2) which have apparently drained 
into Ikroavik sometime in the past, leaving a relict lake in the deeper 
southern, portion of the largest old basin. Again great lateral exposure 
of gently sloping shelves per relatively small drop in water level has 
left a lake of relatively narrow fetch, but the depth of a once large 
lake. Long continued presence of Deep lake would also cause additional 
subsidence, especially if unusually high ice contents were present in the 
sediment beneath. 
The reason relict basins commonly possess straighter shorelines 
(east and west) is that they occupy the old central basins of the origi­
nal lakes and are therefore bounded on the east and west sides by the 
straight, wind-controlled strands of the sub-littoral shelves. Wave 
erosion on the east and west shores of original basins, particularly 
those of large fetch, produces concave shorelines beyond straight shelf 
margins (see Plate l). 
Plate 1. Oblique aerial photo of a partially drained lake southwest of 
Point Barrow. A relatively small drop in water level has 
exposed great widths of the gently sloping sub-littoral 
shelves 
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The tendency to taper north, which becomes increasingly prominent in 
larger lake basins near Point Barrow, is related to wind resultants 
during the two months of most active basin growth, July and August. 
These resultants are nearly perpendicular to the east and west shores 
(see Figure 15). This appears to agree with Rex's (1958 and I960) 
interpretation of lake basins as "wave equilibrium forms" reflecting 
loci of erosion and deposition maxima and minima. However, presence of 
a sunken tundra mat in the ends of all but the largest basins suggests a 
more precise explanation is that the lake basins are "wave equilibrium 
forms" in terms of the equilibrium profile concept. Wind-controlled 
zones of maximum insulation, wave damping, and shoaling—therefore 
minimum expansion—converge closer to the north than the south ends, 
creating a tapered configuration. Maximum growth through thaw and 
erosion, due to minimal influence of sub-littoral shelves, occurs at 
south ends. Occasional strong NNW and NNE winds of short duration in 
late July and August create waves of high velocity over the great north-
south fetches resulting from orientation, and during these times south 
shores are rapidly eroded. Rarity of such storms, and quick resumption 
of usual circulation patterns preclude any shelf and peat bar formation 
which would protect south shores. 
The full significance of differences between basins of the Western 
and Eastern Sections is not yet known. Precise orientation, and occur­
rence of many of the latter in old lake beds may reflect a control of 
long dimensions, or sites of subsidence, by successive strand deposits of 
sequentially draining original basins. Possible structural control has 
Figure 15. Resultant winds for the months of July and August, 1959. 
The areal outline of Ikroavik Lake is shown with respect to 
the coordinate system. Vectors are nearly perpendicular to 
the east and west shorelines. Note the relationship of the 
resultants to direction of taper 
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already been discussed. However, it is possible to interpret morphology 
in terms of the equilibrium profile concept, for whatever other controls 
may be present, buffer bars and insulation are undoubtedly important. 
Analyses of wind data from weather stations nearest the area of small 
basins reveal wind resultants which are almost a mirror image of those 
at Barrow. The inferences to be drawn from this are that zones of maxi­
mum growth are at the north ends, and that basins of the Eastern Section 
may taper south for the same reason those at Barrow taper north. 
In concluding this section a brief mention should be made of those 
lake basins confined to coastal areas which arise from spit formation 
by longshore drifting in lagoons (Plate 2). When spits on each shore of 
a barred lagoon finally join, an enclosed, elliptical basin is formed 
(Zenkovitch, 1959)« Chains of these segmented lagoons are forming along 
the northern coast of Alaska today and have evidently formed in the 
recent past. The existence on the Arctic Coastal Plain of successive 
chains of similar-sized basins parallel to the coast suggests a possi­
bility that the oriented lakes may represent a succession of uplifted 
strands of segmented lagoons. However, this would not explain basin 
sequences, much less the tiny basins of the Eastern Section. 
Prediction 
Emphasis on depende? 2e of basin width on depth implies the possi­
bility of predicting one given the other, in the idealized conception 
just described. But it is also seen that the complexities of actual 
lake basin history necessitate careful observation and interpretation if 
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this underlying relationship is to be discovered. In a laboratory model 
these complexities could be avoided and precision control of variables 
maintained. If such an experiment were conducted it can be predicted 
that basin width would probably be found to be a function of depth and a 
constant of limited variance. Empirical equations derived on this basis 
would have only general applicability dependent upon approximation of 
laboratory to field conditions. If bimodal winds were directly opposed 
in the model, a uniform sub-rectangular to sub-elliptical basin would be 
created, but if an angle between wind resultants was introduced, a 
tapered basin would result, and mathematical description would involve 
assignment of appropriate weights to the respective angles and relative 
values of wind resultants. Introduction of currents, ice-shove, and 
temperature differences associated with ice cakes would produce further 
complications. 
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